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INTRODUCTION 
More than 30,000 goats  have been k i l l e d  i n  Haleakala 
National  Park (HALE) s ince  191 5 ,  y e t  they  sti l l  impart a major 
negat ive  impact upon t h e  n a t i v e  ecosystems. While it may be easy 
t o  f a u l t  t h e  Park,  and indeed mistakes have been made, t h e r e  is 
no i n d i c a t i o n  t h a t  t h e  National  Park Serv ice  (NPS) has s e r i o u s l y  
considered any s o l u t i o n  s h o r t  of e r a d i c a t i o n  a s  an answer t o  t h e  
problem. While some Park managers have made goa t  c o n t r o l  a 
higher  p r i o r i t y  than o the r s ,  nea r ly  everyone has understood t h e  
s e v e r i t y  of t h e  problem. The o b j e c t i v e  of t h i s  s tudy was t o  
eva lua te  t h e  movements, herd ranges,  and bedding s i t e s  of t h e  
f e r a l  goa t  populat ions i n  Haleakala National  Park and recommend 
s t r a t e g i e s  f o r  fencing.  
METHODS 
Informal d i scuss ions  were conducted with HALE employees who 
work i n  t h e  maintenance, resource management, p ro tec t ion ,  and 
i n t e r p r e t i v e  d i v i s i o n s  a s  well  a s  with Park managers t o  develop a 
perspec t ive  f o r  t h e  p a s t  and p resen t  concerns of t h e  Park a s  seen 
through t h e  eyes of its employees. Addit ional  d i scuss ions  were 
he ld  with personnel a t t ached  t o  t h e  Western Region research  s t a f f  
and with s c i e n t i s t s  who had worked on t h e  Cooperative National  
Park Resources S t u d i e s  Unit  inventory of t h e  c r a t e r  a s  well  a s  
t h e  U.S. F i s h  and Wi ld l i f e  S e r v i c e ' s  Maui Fores t  Bird Survey. 
I n  September 1981, with t h e  a s s i s t a n c e  of Barry Cooper and 
Larry K i t a h i r a ,  f o u r  goa t  management u n i t s  were e s t a b l i s h e d  f o r  
t h e  Park. These u n i t s  a r e  topographica l ly  d i s t i n c t  zones which 
could be managed indiv idual ly .  
Diurnal  and o f t e n  nocturnal  ground observa t ions  of goat  
movements, h a b i t s  and t r a i t s  were conducted i n  Kaupo Gap, 
Manawainui Planeze,  c r a t e r  f l o o r ,  Kalapawil i  Ridge, t h e  back of 
Kipahulu Val ley ,  and on t h e  western p a l i s  and r i d g e s  during 
September and October 1981 . On October 9 ,  1981 a low l e v e l  
h e l i c o p t e r  survey was flown on nor th  Kalapawil i  Ridge and e a s t  
Kuiki t o  determine goat  pene t r a t ion  i n t o  t h e  r a i n  f o r e s t .  Other 
observa t ions  were made from f ixed  wing a i r c r a f t  on September 12  
and from t h e  h e l i c o p t e r  while f l y i n g  t h e  a e r i a l  census on 
September 11 . 
Much of t h e  work on goat  d i s t r i b u t i o n  and h a b i t s  is 
developed from my personal  experience i n  HALE which began with a 
Cra t e r  t r i p  i n  1964. During t h e  nex t  e i g h t  yea r s  I l e d  o r  was a 
member of numerous h ik ing  t r i p s  i n t o  t h e  Cra te r .  I n  1973 I 
became a deputy ranger  and have hunted goa t s  and p igs  i n  t h e  Park 
ever  s ince .  I began working a s  a park t echn ic i an  ( f e r a l  animal 
con t ro l )  f o r  Haleakala i n  1975 and l e f t  i n  1979 a s  a Park Ranger 
( ~ e s o u r c e  Management s p e c i a l i s t ) .  S ince  then I have again  become 
a deputy ranger  and have continued t o  a s s i s t  t h e  Park i n  i t s  goa t  
c o n t r o l  e f f o r t s .  Between 1964 and present  I have tgken over 3000 
c o l o r  photographs of t h e  Park,  of which about  10% a r e  a i rphotos .  
The comparative a n a l y s i s  of these  was most he lp fu l  i n  fol lowing 
vegeta t ion  and e ros iona l  changes wi th in  t h e  Cra te r  during t h e  
p a s t  1  R years .  
PAST AND PRESENT COMPARISONS OF SELECTED AREAS 
I n  t h e  map f i l e  a t  Haleakala National  Park (HALE) t h e r e  i s  a 
copy of a  map produced sometime i n  t h e  1800 ' s  which labe led  t h e  
a rea  between Pu'u 0 P i l i  and Kapalaoa Cabin a s  "Silversword 
Plain".  Though it i s  anything bu t  t h a t  now, humans a r e  probably 
a s  g u i l t y  a s  goa t s  f o r  t h e  p l a n t ' s  demise i n  t h i s  area.  More 
r e c e n t  comparisons i n  a r e a s  l e s s  frequented by man give b e t t e r  
i n d i c a t i o n s  of p l a n t  d e s t r u c t i o n  by goats ,  t h e  r e s u l t i n g  eros ion  
and t h e  o v e r a l l  a l t e r a t i o n  of t h e  landscape. 
Yocum took a number of black and white photographs during 
t h e  summer 1 963 (Y ocum, HALE l i b r a r y )  . Photographs #I 4 and #I 5 
of Kaupo Gap and nor th  Kuiki p a l i s  do no t  show not iceable  
d i f f e r e n c e s  from t h e  p resen t ,  however photograph ,Y17 of t h e  south  
Kuiki p a l i s  has more Koa t r e e s  than now. Photograph #19, taken 
a t  approximately 5000 f e e t  i n  Kaupo Gap and looking southwest 
shows a dens i ty  of vegeta t ion  t h a t  considerably exceeds what i s  
t h e r e  today. Photographs #21, 22, 25, 26, 29, 30,  31, and 37 
dep ic t ing  t h e  west p a l i s  from Kilohana t o  Halemauu show 
considerably l e s s  e ros ion  than  is  p resen t  now. A comparison of 
t h e  o v e r a l l  vegeta t ion  on Kalahaku p a l i  wi th  t h e  p resen t  shows 
more bare  ground v i s i b l e  today ( ~ h o t o g r a ~ h s  #25, 26, 29, 30 and 
31 ) . Also very evident  a r e  t h e  upward reaching f i n g e r s  of 
e ros ion  which appear t o  be seve ra l  hundred yards  higher  than they  
were i n  1953. 
I n  October 1981 goa t s  were p resen t  i n  t h e  back of Kipahulu 
Valley a t  7000 f e e t  e leva t ion .  Thei r  t r a c k s  were observed a s  low 
a s  6800 f e e t  i n  an a rea  about  0.25 mile west of Wai Nene Pond b u t  
t h e i r  impact was neg l ig ib l e .  Above 7200 f e e t  however they have 
damaged t h e  r idges  ex tens ive ly .  The 1967 Kipahulu Expedition 
repor ted  them t o  be on t h e  "rocky headwall r i dges  above 7500 
f e e t "  ( ~ a n k o  and Wilson, 1967). No evidence of goats  was found 
below t h e  e l eva t ion  of 6700 f e e t  on t h e  no r th  west s lopes  and 
6900 f e e t  on t h e  nor th  s lopes  of t he  va l ley .  
A review of my own photographs and. r e p o r t s  from many sources  
i n d i c a t e  t h a t  very few p a r t s  s f  t h e  c r a t e r  have n o t  suf fered  
major vege ta t iona l  dep le t ion  and s i g n i f i c a n t  e ros ion  during t h e  
p a s t  10 years .  Although people, horses,  and p igs  have 
undoubtedly had some impact, by f a r  t h e  g r e a t e s t  s i n g l e  f a c t o r  
has been f e r a l  goa t s  (yocum, no da te ,  p. 43-45, HALE l i b r a r y ) .  
One of t h e  most s t r i k i n g  e ros iona l  changes occured along t h e  
Crys t a l  Cave T r a i l  i n  1977 when approximately 9000 cu. yds. of 
c inde r  eroded i n  an a rea  0.4 m i .  no r th  e a s t  of Honokahua. I n  t h e  
yea r s  previous t h e  goa t  t r a i l s  had worn down, leaving  the  s o f t  
c inde r s  beneath it exposed. Subsequently heavy r a i n s  c u t  inches 
and i n  some p laces ,  s e v e r a l  f e e t  i n t o  t h e  c inders .  Th i s  e ros ion  
may have happened eventua l ly ,  b u t  t h e  a c t i v i t y  of t h e  goa t s  
undoubtedly hastened it, probably by decades if no t  cen tu r i e s .  
On t h e  opposi te  s i d e  of Kalapawil i  Ridge t h e  reduct ion  of 
vegeta t ion  has  been inve r se ly  propor t ional  t o  t h e  inc reas ing  
presence of f e r a l  goats .  I n  1973 goa t s  were seldom observed 
below 8000 f e e t  e l eva t ion  except  above and wi th in  0.6 mi les  of 
Waikau Cabin. Today they can be observed a s  low a s  6800 f e e t ,  
and o u t  t o  2 .3  miles  e a s t  of Waikau. A s  a r e s u l t ,  t h e  a l p i n e  
shrub vegeta t ion  n a t i v e  t o  t h e  a rea  has been thinned,  e s p e c i a l l y  
t h e  mamane. Many of the  vegetated swales of 1973 have become 
sharp ly  c u t  c reeks  flowing muddy water. During a  hike through 
t h e  a rea  i n  October 1981 topmarked mamane t r e e s  and an absence of 
s eed l ings  were noted. Browse damage was a l s o  not iced  on 'ohe lo ,  
Deschampsia, Geranium, and even p&iawe. The a c t i o n  of shooting 
a t  goa t s ,  i f  it is done with cons iderable  i n t e n s i t y  and frequency 
w i l l  cause herds  t o  temporari ly r e l o c a t e  u n t i l  t h e  pressure  l e t s  
up. Sometimes t h e  goats  a r e  s o  cons tan t ly  harassed i n  t h e i r  
o r i g i n a l  h a b i t a t  t h a t  i n s t ead  of r e tu rn ing ,  they  remain i n  t h e  
new area.  Up u n t i l  t h e  mid 1970 ' s  goats  on t h e  e a s t  p a l i s  of 
Kaupo stayed i n  t h e  mid-zones where t h e r e  was some cover. S ince  
t h e  hunters  only t r a v e l e d  on t h e  t o p  and bottom of the  c l i f f s  t h e  
goa t s  on t h e  c l i f f s  were sa fe .  I n  1976 t h e  au thor  and o t h e r  Park 
s e r v i c e  hunters  invaded t h e  p a l i s  and f o r  a  couple yea r s  wreaked 
havoc with t h e  herds  l i v i n g  the re .  Af t e r  a  while ,  t h e  goa t s  
disappeared,  and now t h e  herds  which sti l l  t o t a l  hundreds of 
i nd iv idua l s ,  have made t h e i r  way eastward i n t o  t h e  koa and ' o h i ' a  
f o r e s t s  of Kuiki.  I n  f o u r  years  they have moved an average of 
0.25 mile  back i n t o  t h e  t r e e s ,  where no one hunts  them. 
MOVEMENT PATTERNS 
Goats e n t e r  o r  leave t h e  Park along nea r ly  12 mi les  of t h e  
boundary ( ~ i ~ u r e  1 ) .  With only one s i g n i f i c a n t  exception these  
c ross ings  a r e  usua l ly  rou t ine  meandering9 of herds  wi th in  t h e i r  
ranges. Along t h e  south boundary of t he  Park from Haupa'akea t o  
Haleakala,  f o r  example, movements ou t  of t h e  Park a r e  n a t u r a l  
rangings of herds  T and R ( ~ i g u r e s  1 , 2 ) .  The one exception 
observed on s e v e r a l  occasions between 1973 and 1379, appears  t o  
occur more than  once a  year  o r  perhaps t h e r e  is more than one 
herd involved. The goa t s  move i n t o  t h e  Park on t h e  west s lope ,  
descend t h e  Kilohana o r  Kalahaku p a l i s  (sometimes s t ay ing  a  day 
o r  two), then  c r o s s  t h e  c r a t e r  f l o o r  a t  n i g h t  and by morning have 
disappeared over t h e  south r i m  of t h e  c r a t e r .  Cross boundary 
movements between Haleakala peak and t h e  middle of Kaupo Gap a r e  
n o t  nea r ly  a s  common today a s  i n  t h e  r ecen t  p a s t ,  probably 
because t h e r e  is  l i t t l e  t o  e a t  a long t h a t  western boundary. The 
only p lace  i n  t h e  a r e a  where goa t s  can move o u t  is  down from t h e  
gulch i n  t h e  southwest corner  of t h e  Gap. 
Although a rou te  i s  ind ica t ed  between Manawainui and Kaupo 
t h i s  is  r e a l l y  only because t h e  park boundary fo l lows t h e  
r idgetop  and what i s  seen is  a n a t u r a l  c r o s s  r idge  movement. 
There was no evidence of s i g n i f i c a n t  movement of goats  between 
Manawainui and t h e  Park. I n  f a c t  a number of t h e  mauka-makai 
t ra i l s  used moderately i n  p a s t  years ,  a r e  showing d i suse  and a r e  
i n  some p laces  even becoming overgrown with a ' a l i ' i  and p i l o .  
The d i suse  of t hese  former t r a i l s  was confirmed during h e l i c o p t e r  
observa t ions  of t h e  area.  Cross border  movement i n  t h a t  a r ea  is 
c u r r e n t l y  l imi t ed  t o  herd ranging, and even t h a t  is  minimal. 
U n t i l  t h e  n o r t h  boundary of t h e  Park i n  Management Zone 3 
(F igure  3 )  i s  fenced t h e  a rea  no r th  of it must be managed a s  if 
it were one wi th  t h e  Park f o r  e x i s t i n g  herds f requent  t h e  e n t i r e  
a rea  and can be found i n  t h e  Park one day and outs ide  it on t h e  
next.  General ly speaking they do no t  t i e  i n t o  any o the r  goat  
populat ions,  however if they  continue t h e i r  eastward spread 
through t h e  grass lands  they could reach Kuiki v i a  t h e  top  of 
Kipahulu Valley. 
Goats c r o s s  t h e  barbed wire fenced western boundary i n  
s e v e r a l  l oca t ions .  A t  l e a s t  two herds  occupy range A (F igure  2 ) ,  
one of which can o f t e n  be seen i n  t h e  mamane and sandlewood 
groves makai of t h e  8500 f o o t  e l eva t ion  s tand  of Eucalyptus. 
Another occupies  a higher  l e v e l  and occas ional ly  even c rosses  t o  
t h e  r i m  between Kalahaku and Leleiwi.  
HOME RANGES AND BEDDING AREAS 
The 21 herd ranges (Figure 2 )  over lap  each o the r  s l i g h t l y  
b u t  f o r  c l a r i t y  t h e  over lap  is no t  shown. Herd ranges a r e  those 
a r e a s  t h a t  herds  cover i n  search  of food and s h e l t e r  and should 
n o t  be confused with a r e a s  t h a t  t he  goa t s  can be dr iven  t o  when 
chased o r  hunted, which may o r  may no t  be wi th in  t h e i r  n a t u r a l  
range. A s  previously mentioned range A conta ins  a t  l e a s t  2 herds  
b u t  occas ional ly  a t h i r d  can be found i n  t h e  low mamane and p i l o  
t h i c k e t s  j u s t  mauka of Pu 'u o Ili. A number of e x c e l l e n t  bedding 
s i t e s  ( ~ i g u r e  4 )  can be found over a l a r g e  a rea  ou t s ide  and j u s t  
wi th in  t h e  Park. Most of t hese  a r e  west f ac ing  overhangs o r  
shallow caves,  a l though a s  one t r a v e l s  westward toward t h e  power 
l i n e s  t h e r e  i s  an inc rease  i n  t h e  number of l a r g e  caves used by 
goats .  
The number of herds i n  range a r e a  B seems t o  increase  i n  t h e  
winter  months. There is movement between B and T ,  though i f  
unharassed, one herd c e n t e r s  over and nor th  of Holua, one over 
Lele iwi  up t o  Kalahaku, and a t h i r d  over Kilohana and Kalahaku. 
There a r e  a number of  e x c e l l e n t  bedding a r e a s  i n  t h i s  zone. I n  
f a c t  t h e  l a r g e s t  goa t  cave i n  t h e  c r a t e r  is loca ted  here on t h e  
Kalahaku p a l i  a t  9100 f e e t  e l eva t ion ,  j u s t  south of t h e  prominent 
head. Here, as  throughout t h e  c r a t e r ,  overhanging rocks and 
inward swept c l i f f s  serve  a s  bedding s i t e s  provided they f ace  
away from t h e  p reva i l ing  no r th  e a s t  t r ades .  On windward f ac ing  
p a l i s  only caves and l a r g e  overhangs provide adequate bedding 
a reas .  Although t h e  c e n t r a l  and nor thern  c r a t e r  f l o o r  is 
t r ave r sed  by goats  from seve ra l  herds,  t h e i r  normal d i u r n a l  range 
does n o t  inc lude  t h i s  bar ren  area.  
Area C is heavily overlapped by herds from D and E bu t  
conta ins  a t  l e a s t  two d i s t i n c t  herds of i ts  own which bed down i n  
t h e  ' a ' a  flows known a s  Dev i l ' s  Kitchen, nor th  west of Pu'u Kumu. 
Bedding a reas  on the  Waikau p a l i s  a r e  used primari ly by more 
westerly s i t u a t e d  herds i n  range D. The F area  herds a r e  
frequently no t  d i s t i n c t  from E and 2, however a t  n igh t  they w i l l  
usual ly  r e t u r n  t o  the  shallow overhangs a t  the  base of t a l l  
b a s a l t  c l i f f s  between Lau'ulu and Crys ta l  Cave T r a i l s .  Nocturnal 
observations along Kalapawili  Ridge i n  September of 1981 
indica ted  t h e  presence of 3 herds t o t a l i n g  78 goats  i n  range C ,  2 
herds exceeding 50 individuals  i n  F,  and only one herd of l e s s  
than 20 goats  i n  G .  However C and D were no t  covered and 
d i f f i c u l t  spo t t ing  condit ions prevented observation more than 50 
meters down slope i n  G. There appears t o  be only one o r  two 
herds i n  range H. A few ind iv idua l s  have been observed bedding 
i n  caves near  the  top  of the  eas te rn  r idge  of Kuiki where they 
a r e  hard t o  see  because of the  ' o h i ' a  t r e e s ,  b u t  the  majori ty 
overnight on the  west fac ing p a l i s ,  both high up a t  the  base of 
c l i f f s  and midway down under small overhangs i n  more vegetated 
areas .  Caves a r e  r a r e  throughout ranges H ,  I ,  and J .  I n  J goats  
appear t o  be sleeping i n  t h e  vegetat ion,  sometimes on leeward 
s i d e s  of l a rge  t r e e s .  Determining exact ly  what the  herds i n  
range J a r e  doing is d i f f i c u l t  due t o  the  dense f o r e s t .  I n  1979 
th ree  herds were observed i n  the  upper th i rd .  Two were located 
s i d e  by s i d e  (one f u r t h e r  i n  the  f o r e s t  than the  o the r )  and one 
was above. There a r e  a t  l e a s t  f i v e  herds the re  now, only two of 
which show any r e a l  overlap i n t o  range I. Bedding i n  I has been 
observed a t  t h e  base of c l i f f s  high above the  dry f o r e s t  
exclosure,  under 'ama'uma'u f e rns  i n  the  wet ter  a reas ,  and i n  t h e  
t h i c k  g rass ,  pukiawe and bramble under koa t r e e s  near  the  Park 
boundary. Severa l  small herds can be seen i n  r egu la r  d iu rna l  
movement ac ross  the  s lopes  with only occasional forays  i n t o  the  
f o r e s t  a t  t h e  c l i f f  base. The herd s t r u c t u r e  and loca t ions  
throughout a l l  of managemeilt zone 4 ,  of which H ,  I ,  and J a r e  a 
p a r t  have changed considerably i n  the  p a s t  f i v e  years. 
Range K ,  Manawainui Valley and planeze, a r e  becoming a 
goat-induced d i s a s t e r  a rea  due i n  l a rge  p a r t  t o  extremely high 
population d e n s i t i e s .  There is  no shortage of bedding a reas  on 
leeward fac ing s lopes  and i n  the  r a i n  shadow of t r e e s  i n  
Manawainui. When dis turbed,  herds join i n  long t r a i n s ,  running 
off the  high r idge  tops and out  toward the  s t eep  p a l i s  of the  
c e n t r a l  val ley.  The goats  i n  t h i s  a rea  a r e  so p l e n t i f u l  and 
t h e i r  t r a i l s  so  profuse t h a t  viewed from a d is tance  they resemble 
swarming ants .  Goats on the  upper planeze above 4600 f e e t  have 
worked t h e i r  way eastward under the  ' o h i ' a  t r e e s  and through the  
maile patches along a f r o n t  extending about 0.35 miles beyond 
Healani stream, an increase  of about 0 . I5 miles s ince  1976  on, 
1976). 
Range L usua l ly  has only one herd i n  it, i f  t h a t ,  due 
primari ly t o  its proximity t o  the  Koa Tree, a f a v o r i t e  hunters '  
camp s i t e  which is reachable by jeep v ia  the  Kaupo Ranch. A t  
p resent  M conta ins  a few small herds which when f i r e d  upon no 
longer  move i n t o  N b u t  r a t h e r  go t o  ground t h e r e  o r  i n  range 0 ) .  
There is  r e a l l y  very l i t t l e  movement between M and N because t h e  
western s i d e  of  M ,  l i k e  upper Kahikinui,  has become depleted of 
vegeta t ion .  I n  L and 0 goa t s  r e l y  more on the  cover provided by 
shrubs and small t r e e s  than on overhangs and caves f o r  bedding. 
There is extens ive  over lap  between a r e a s  L, M and 0 .  
Range N which inc ludes  devastated p a r t s  of Kahikinui a s  well  
a s  t h e  Park has  its populat ion cen te r  i n  i ts  more southern a r e a s  
(ou t s ide  t h e  park)  and many of t h e  e x c e l l e n t  bedding s i t e s  along 
t h e  stream channel a t  t h e  p a l i  base a r e  f a l l i n g  i n t o  disuse.  A t  
t h e  t o p  of t h e  p a l i  many goa t s  can still be observed though t h e i r  
ranges do n o t  extend very f a r  westward s i n c e  t h e r e  is nothing 
growing t h e r e  but  bracken f e r n s  which goa t s  r e fuse  t o  e a t .  
Severa l  south f a c i n g  caves appear t o  be used f o r  bedding ( ~ e r s .  
comm. T. Rodrigues 1980). I t  i s  goats  from range P t h a t  a r e  
occas ional ly  seen i n  P a l i k u  and more commonly around ' O ' i l i  Pu'u. 
Two herds  were seen i n  P i n  September 1981 and t h e r e  is extens ive  
over lap  between ranges P ,  M ,  and Q.  Heavy s t ands  of a ' a l i ' i  
provide good cover and some s h e l t e r  i n  a rea  P, though bedding 
s i t e s  i n  Q a r e  pr imar i ly  rock overhangs p a r a l l e l i n g  a l i t t l e  
r idge  t h a t  runs  along s i d e  t h e  t r a i l  t o  Waikane. Q ,  l i k e  P and U 
a r e  gene ra l ly  low dens i ty  a r e a s ,  encompassing a t  most 3 herds  
each. There i s  cons iderable  over lap  between Q and U ,  U and T, 
and N and T. Vegetat ion cover is v i r t u a l l y  nonexis ten t  i n  a l l  
four  a r e a s  and s h e l t e r  provided by topographic f e a t u r e s  is  
u t i l i z e d  f o r  most bedding. When t h e r e  has been no hunting i n  t h e  
south e a s t e r n  end of  t h e  c r a t e r  it is n o t  unusual t o  observe a 
small s c a t t e r e d  herd of goa t s  i n  a rea  R. These animals bed i n  
t h e  jumble of rocks along and adjacent  t o  a stream channel,  
p a r a l l e l  with the  t r a i l  t o  Waikane spr ing .  When d is turbed  these  
animals  f l e e  southward up t h e  p a l i s  t o  Haleakala peak. Herds i n  
a rea  T a r e  a l o t  s c a r c e r  r ecen t ly  than i n  t h e  p a s t ,  poss ib ly  due 
t o  lack  of food, al though t h i s  may change with an inc rease  i n  
r a i n f a l l .  
Range S ( ~ a h i k i n u i ) ,  has more goa t s  than  I have seen 
anywhere i n  Hawaii. I t  i s  separa ted  from t h e  Park by more than a 
mile  of u t t e r l y  bar ren  a l p i n e  rock and sand d e s e r t  and it i s  
un l ike ly  t h a t  t h e r e  is any i n t e r a c t i o n  between S and e i t h e r  T o r  
R and f a i r l y  un l ike ly  even t h a t  t h e r e  is much t r a f f i c  between S 
and N ,  (due t o  seve re ly  d i sec t ed  t e r r a i n )  except  perhaps below 
4000 f e e t  e leva t ion .  
PRESENT MANAGEMENT TECHNIQUES AND POTENTIAL POPULATION DYNAMICS 
The record of goa t  k i l l s  a t  Haleakala is  sporadic  ( ~ i g u r e  
5 ) .  Unfortunately without  dependable populat ion counts o r  
man-days expended on c o n t r o l ,  very l i t t l e  information can be 
ex t r ac t ed  on t h e  a c t u a l  s i z e  of t h e  goa t  populat ion i n  yea r s  
pas t .  With t h e  exception of Yocum's e s t ima te  of 600 i n  1963 
o the r  e s t ima tes  f a i l  t o  show how they were derived.  The Goat 
Movement Study (on f i l e  HALE l i b r a r y )  , f o r  i n s t ance  g ives  t h e  
following est imates:  
1949 - l e s s  than 500 
1955 - 1000 
1957 - 1500 
1958 - 1000 
1959 - I000 
1963- - 1000 
1963 - 1000 
1964 - 1000 
1965 - GOO 
It  cannot be determined from t h e  r e p o r t  whether these  
es t imates  a r e  f o r  t h e  e n t i r e  c r a t e r  o r  f o r  j u s t  t h e  western p a l i s  
which were t h e  sub jec t  of t h e  study. 
Large goat  hunts  l ed  by Park Ranger McCall i n  1948 averaged 
2.2 goats  pe r  man day b u t  t h i s  is no t  always the  case. Severa l  
Park hunts  between 1976 and 1978 averaged l e s s  than 1.5 goats  per  
man day. A p a i r  of hunters  working i n  the  sp r ing  of 1950 
maintained a very high l e v e l  of 3.4 goats  per  man day. Current  
es t imates  by the  Park f o r  t h e i r  personnel a r e  2.2 goats  per  man 
day (pers .  comm. B. Cooper, 1981 ) while a c t u a l  f i g u r e s  f o r  t h e  
deputy rangers  show only 0.38 goats  per  man day ( ~ e r a l  Animal 
Control Log, HALE). Over the  l a s t  f o r t y  years  somewhere around 
t e n  thousand man days have been spent  a t  Haleakala hunting f e r a l  
goats .  
When as sess ing  a program designated a s  a "control"  
( o r i g i n a l l y  a Park se rv ice  euphemism f o r  e rad ica t ion )  it has come 
t o  mean holding the  populat ion i n  check, a s  opposed t o  a 
"sustained y ie ld"  policy.  The only animals t h a t  r e a l l y  matter  
a r e  the  females, f o r  whether t h e  populat ion is 50% males o r  1% 
males it w i l l  s t i l l  grow exponential ly.  The o the r  important 
concept is t h a t  t h e  success ( o r  f a i l u r e )  of e rad ica t ion  e f f o r t s  
must be determined by the  number of goats  remaining i n  t h e  park, 
n o t  simply by counting those which have been k i l l e d .  
I n  r ecen t  yea r s  Park personnel and deput ies  have genera l ly  
hunted wherever they pleased. Inev i t ab ly  these  a reas  a r e  where 
the  g r e a t e s t  number of k i l l s  can be made f o r  the  l e a s t  e f f o r t  
expended. Few a t tempts  have been made t o  r i d  an a rea  of goats  o r  
even t o  s e r i o u s l y  check t h e i r  spread i n t o  previously undisturbed 
t e r r i t o r y .  
I n  t h e  summer sf 1973 most herds could be openly approached 
on f o o t  t o  wi th in  a t  l e a s t  200 yards s ince  they had become 
conditioned t o  being shot  a t  predominately by mounted hunters .  
This  i s  no longer t h e  case a s  t h e  goats  have now adjus ted  t o  
being sho t  a t  by v i r t u a l l y  anyone. 
Reduction of goat  populat ions by shooting o r  capture tends 
t o  s e t  up a r t i f i c i a l  s e l e c t i o n  p a t t e r n s  which favor  the  su rv iva l  
of females, dark colored ind iv idua l s  and s t rong goats .  A s  it is 
n a t u r a l  f o r  nannies with k i d s  t o  break away from the  parent  herd 
f o r  seve ra l  weeks a f t e r  b i r t h  t o  seek a more she l t e red  and 
r e s t r i c t e d  range ( ~ a c k e n z i e ,  1975, p. 11 0)  , t h e r e  a r e  
corresponding per iods  when the  l a rge  herds a r e  predominately male 
and r e l a t i v e l y  more v i s i b l e  than the  females. Most hunting 
during t h i s  period w i l l  a c t u a l l y  increase  the  percentage of 
females i n  the  population. There is a l s o  an i n s t i n c t i v e  tendency 
among hunters  t o  shoot  a t  t he  b e s t  t a r g e t  o r  t o  t r y  t o  d i s r u p t  
t h e  herd by shooting the  king b i l l y  f i r s t .  Often enough t h i s  is  
the  only goat  h i t .  Analysis of goat  k i l l s  i n  the  park during the  
f i r s t  n ine  months of 1981 i n d i c a t e s  t h a t  the  r a t i o  of males t o  
females k i l l e d  is  1.7 t o  1 ,  however i n  cases  where only one goat  
was sho t  t h e  r a t i o n  inc reases  t o  3.8 t o  1 ( ~ e r a l  Animal Control 
Records, HALE). This  increase  is most l i k e l y  the  r e s u l t  of a 
f i r s t  sho t  preference f o r  a l a r g e r  goat  (usua l ly  male) s ince  even 
a t  c l o s e  ranges it can be d i f f i c u l t  t o  d i f f e r e n t i a t e  the  sexes of 
mature goats  (Mosby, 1963). Most hunters  w i l l  n o t  f i r e  a t  goats  
i n  running herds a f t e r  t h e  range exceeds 200 yards (which can 
happen very quickly) un les s  an animal s tops ,  thereby presenting a 
motionless t a r g e t .  Weaker goats  and k i d s  a r e  more l i k e l y  t o  s top  
t o  r e s t ,  though the  l a t t e r  make very small ,  and unpredictable 
t a r g e t s .  Brown and black goats  (except  on Mauna ~ i n a )  a r e  more 
d i f f i c u l t  t o  see  and have an e a s i e r  time escaping de tec t ion  than 
l i g h t  colored indiv iduals .  These darker  goats  comprised 34.3% of 
t h e  557 goats  spot ted  by Yocum i n  I963 (Y ocum 1963). Mostly o r  
completely t an  o r  white goats  a r e  sti l l  few i n  number, though 
numerous r e p o r t s  i n d i c a t e  t h a t  they a r e  somewhat more common than 
i n  1953. 
A d e t a i l e d  a n a l y s i s  of populat ion s t r u c t u r e  within Haleakala 
herds was no t  undertaken due t o  lack of data.  However, using a 
high (15%) juvenile  mor ta l i ty  r a t e  a s  reported by Rudge and Smit 
(1970) i n  New Zealand and considering t h e  increased death r i s k s  
of a d u l t  goats  a s  a r e s u l t  of hunting, t h e  population is probably 
biased t o  t h e  young ( l e s s  than 5 yea r s  o ld)  indiv iduals .  This  
j u v e n i l i t y  of the  herds,  p lus  the  high turnover of lead  b i l l i e s  
(Mackenzie 1975), he lps  keep a more f e r t i l e  breeding population 
than might occur na tu ra l ly .  
More than 6.5 yea r s  of goat  hunting i n  Haleakala has had a 
number of impacts upon t h e  Park, many of which a r e  taken f o r  
granted because they have become a way of l i f e .  The crash  of 
gunf i re  and the  wai ls  and groans of wounded goats  a r e  everyday 
occurences f o r  those who hunt t h e r e ,  bu t  f o r  v i s i t o r s ,  many of 
whom have no idea what is going on, t h e  experience is unnerving 
and i n  no way l eads  t o  a p l easan t  "wilderness experience." 
Hikers ,  cautioned t o  s t a y  on t r a i l s ,  f r equen t ly  wonder why 
hunters ,  both on f o o t  and on horseback, Rangers and Deputies 
a l i k e ,  a r e  n o t  bound by these  ru le s .  
Dogs, even more so than c a t s  and mongoose, a r e  probably the  
most i l l u s i v e  f e r a l  mammals i n  the  c r a t e r .  I n  the  l a s t  12 years  
14 dogs and 23 c a t s  have been sho t  i n  the  Park ( ~ e r a l  Animal 
Control Records, HALE). Goat carcasses  a r e  suspected t o  be a 
major food source f o r  both species  ( a s i d e  from Hosmer Grove 
garbage cans) and on t h r e e  occasions I have observed such 
feeding. I t  is reasonable t o  be l i eve  t h a t  i n  the  lowest goat  
k i l l  months of December, January,  and February (NPS records  
averaged from 1967-1 981 ) which a r e  preceded by the  h ighes t  months 
of September, October, and November, t h a t  hungry dogs may look t o  
t h e  ground n e s t i n g  nene a s  a supplemental food source. Another 
problem aggravated by p re sen t  c o n t r o l  measures involves t h e  
p o t e n t i a l  h e a l t h  hazards t o  c r a t e r  v i s i t o r s  presented by t h e  
f l i e s  t h a t  breed i n  goa t  ca rcas ses  (CPSU Technical  Report #9 ,  p. 
149) and t h e  wasps t h a t  f eed  the re .  
A major impact of g o a t  management has  been t h e  s o i l  
d e s t a b i l i z a t i o n  and in t roduc t ion  of e x o t i c  p l a n t s  brought about  
by the  presence of hun te r s  and l i v e s t o c k  i n  unique ecosystems. 
The most s t r i k i n g  example of t h i s  is i n  t h e  Deschampsia 
g ra s s l ands  of Kalapawil i  Ridge. The v a s t  major i ty  of t h e  hunt ing 
done on t h i s  r i dge  is wi th  t h e  a i d  of horses  and al though t h e r e  
is  a major east-west t r a i l  a long t h e  r idge top  from Hanakauhi t o  
F l a t  Top Bog, hun te r s  f r equen t ly  lead  t h e i r  horses  deep i n t o  t h e  
g ra s s l ands  and occas iona l ly  even down t o  Lake Wai Anapanapa. 
Introduced herbs  and pas tu re  g r a s s e s ,  a r r i v i n g  i n  f e c e s  and on 
c o a t s  can be found a l l  a long  t h e  t ra i l  and he re  and t h e r e  
throughout t h e  r e s t  of t h e  a r ea .  Shee t  e ros ion  along t h e  
r idge top  west of Pohaku Pa laha  begins where runoff  from t h e  t r a i l  
descends a small  s lope .  Browsing by s tock  along t h i s  a s  we l l  a s  
t h e  Lau 'ulu T r a i l  is  l e s s  s u b t l e  than  by g o a t s  s i n c e  horses  t ake  
b igge r ,  deeper  b i t e s  and can uproot  e n t i r e  Deschampsia tussocks.  
CONTROL NEASURES WITH FENCING 
Whether fencing is done piecemeal o r  i n  one f e l l  swoop I 
would recommend t h a t  s e c t i o n  1 on Kuiki ( ~ i g u r e  5 )  be completed 
f i r s t  t o  s t o p  t h e  movement of goa t s  back i n t o  t h e  f o r e s t .  The 
choice of  completing t h e  west boundary second is  no t  s o  much t h e  
r e s u l t  of i ts  importance b u t  r a t h e r  because a small  investment 
w i l l  pay l a r g e  dividends.  The completion of u n i t  3 i n  Kaupo w i l l  
s e rve  t o  block t h e  l a r g e s t  goa t  highway i n  t h e  park. The goa t s  
w i l l  probably s t a y  t h e i r  invas ion  of t h e  lower f l a n k s  of Kuiki  
from Manawainui f o r  a couple yea r s  more so  t h a t  it can be ranked 
f o u r t h  i n  p r i o r i t y .  I f  permission can be obtained t o  fol low t h e  
5000 f o o t  contour  a l l  t h e  way a c r o s s  t o  Kipahulu it would a t  
l e a s t  be s h o r t e r  and probably e a s i e r  a s  wel l .  S ince  t h e r e  a r e  
now goa t s  i n  t h e  f o r e s t  e a s t  of Manawainui I c a n ' t  t h ink  of any 
o t h e r  way t o  run t h e  fence  which would be e i t h e r  e a s i e r  o r  more 
e f f e c t i v e .  By fenc ing  zone 5 l a s t  t h e r e  is always t h e  hope t h a t  
some animals  w i l l  v o l u n t a r i l y  leave  through t h a t  rou te .  No fence  
is proposed f o r  t h e  n o r t h  boundary because it is imperat ive t h a t  
t h e  g o a t s  be removed from a l l  of u n i t  3 .  If  t h i s  is n o t  done and 
a fence  is  p u t  on t h e  boundary t h e  i s o l a t e d  goa t s  w i l l  be a 
nuisance f o r  a long time t o  come. I f  a fence  is des i r ed  t o  keep 
p i g s  o u t  of t h e  Park then  permission should be obtained t o  run it 
along t h e  t o p  of t h e  f o r e s t .  
U n t i l  fence  number one is completed it may be b e t t e r  n o t  t o  
hunt i n  t h e  a r e a  because shoot ing  may a c t u a l l y  d r i v e  t h e  goa t s  
f u r t h e r  i n t o  t h e  f o r e s t .  However, on completion, an  i n t e n s i f i e d  
e r a d i c a t i o n  program f o r  t h e  e a s t e r n  t h i r d  of u n i t  4 should be 
i n i t i a t e d .  With t h e  completion of fence  number two a hundred 
percent  i nc rease  i n  hunt ing i n  t h a t  u n i t  should reduce t h e  
popula t ion  cons iderably  wi th in  a s h o r t  per iod of time. 
After  fence  3 i s  completed t h e  u n i t  4 e r a d i c a t i o n  can be 
f i n i s h e d  up a s  wel l ,  a t a s k  t o  which a l l  a v a i l a b l e  ene rg i e s  
should be d i r ec t ed .  An i n t e r n a l  fence  (#3) a c r o s s  t h e  t o p  of 
Kaupo Gap ( ~ i ~ u r e  7) would be h e l p f u l  i n  keeping t h e  a r e a  goa t  
f r ee .  To assume t h a t  e r a d i c a t i o n  can be achieved wi thout  t h e  use 
of i n t e r n a l  fences  i s  t o  assume t h a t  one has a high to l e rance  t o  
f r u s t r a t i o n  o r  an  unl imited h e l i c o p t e r  budget. I n t e r n a l  fence  
number 1 was designed and b u i l t  by t h e  park i n  1981 and i f  
extended by t h e  a d d i t i o n  of number 2 it should adequately d i s r u p t  
e a s t  west movement. Fence fou r  w i l l  probably be necessary,  no t  
only t o  discourage exodus during c o n t r o l  b u t  a l s o  t o  prevent  
r e i n f e s t a t i o n .  Fence number f i v e  descends, f o r  t h e  most p a r t ,  a 
sand s lope  and should s i g n i f i c a n t l y  r a i s e  t h e  e f f i c i e n c y  of a l l  
hunt ing done on t h e  western p a l i s  by prevent ing north-south 
movement. Fencing t h e  Park boundary is  n o t  going t o  e r a d i c a t e  
goa ts .  To c o n t r o l  goa t s  i n  a reasonable per iod  of t ime Kaupo and 
Kalapawil i  Ridge a r e  going t o  have t o  be i s o l a t e d .  If these  
fences  were b u i l t  before  t h e  boundary f ences  they could be 
u t i l i z e d  r i g h t  away and c o n t r o l  could probably be e f f e c t e d  
sooner.  I f  funds were c u t  t h e  Park would a t  l e a s t  be l e f t  wi th  
some u s e f u l l y  placed fencing.  By t h e  time a l l  f ences  a r e  i n  
p l ace  s i g n i f i c a n t  i n roads  should a l r eady  have been made a g a i n s t  
t h e  t rapped populat ions.  A reassessment  of t h e  s i t u a t i o n  a s  it 
looks a t  t h a t  t ime w i l l  be necessary t o  develop t h e  b e s t  s t r a t e g y  
f o r  t h e  f i n a l  e r ad ica t ion .  
CONTROL WITHOUT FENCING 
While it is poss ib l e  t o  c o n t r o l  g o a t s  a t  Haleakala ( a s  is 
being done now) without  fenc ing  it is an  unending job. Moreover, 
t h i s  type  of c o n t r o l  more c l o s e l y  approximates sus t a ined  
ha rves t ing  than  it does e rad ica t ion .  I n  t h e  p a s t  40 y e a r s  more 
than  20,000 goa t s  a r e  repor ted  t o  have been k i l l e d  o r  removed 
from t h e  park and y e t  t h e r e  are s t i l l  enough l e f t  t o  be more than 
j u s t  a nuisance. D i r e c t  con t ro l  is a t t r a c t i v e  p r imar i ly  because 
it r e q u r i e s  no major annual expenditures .  I n  t h e  long run of 
course ,  it i s  only a de lay ing  a c t i o n ,  and though it could be 
j u s t i f i e d  a s  va luable  i n  conjunct ion wi th  a fenc ing  program, by 
i t s e l f  it i s  n o t  p a r t i c u l a r i l y  e f f e c t i v e .  
The only poss ib l e  a l t e r n a t i v e  t o  fenc ing  t o  achieve goa t  
e r a d i c a t i o n  a t  Haleakala would be t h e  i n s t i t u t i o n  of a major (and 
continuous) poisoning program. The l i ke l ihood  of t h i s  op t ion  
being approved is exceedingly low. 
CONCLUSIONS 
That  f e r a l  goa t s  c r e a t e  a s e r i o u s  d e s t a b i l i z i n g  inf luence  
upon n a t i v e  ecosystems a t  HALE is c e r t a i n l y  n o t  new t o  anyone a t  
a l l  f a m i l i a r  with the  s i t u a t i o n .  I t  can a l s o  be seen t h a t  
a l though NPS has spen t  a s i g n i f i c a n t  amount of t ime, e f f o r t  and 
money k i l l i n g  g o a t s ,  they  c e r t a i n l y  have come nowhere c l o s e  t o  
e r a d i c a t i n g  them. What is  y e t  t o  be f u l l y  r e a l i z e d  is t h a t  only 
a dedica ted  e f f o r t ,  adequately funded, wholeheartedly supported 
and l o g i c a l l y  planned w i l l  achieve t h e  d e s i r e d  r e s u l t s .  
Fencing is mandatory, both t o  prevent  goa t s  i n  ad jacen t  land 
from e n t e r i n g  t h e  Park a s  well  a s  t o  l i m i t  t h e  movement of  those  
t h a t  a r e  in s ide .  An i n t e n s i v e  hunting o r  removal program must be 
i n s t i g a t e d  simultaneously and a fence maintainance crew organized 
before ,  and kep t  long a f t e r  t h e  l a s t  goa t  i n  t h e  park has  been 
k i l l e d .  Addi t ional ly ,  e f f o r t s  must be made t o  monitor t h e  goat  
populat ion wi th in  and ad jacen t  t o  t h e  Park u n t i l  e r ad ica t ion  is 
achieved. 
Perhaps most important  t o  success  is  t h e  r e a l i z a t i o n ,  no t  
only of t h e  se r iousness  of t h e  goa t  problem and t h e  need f o r  
immediate a c t i o n ,  b u t  a l s o  t h a t  t he  proposed course of a c t i o n  is 
j u s t i f i a b l e  and prudent. To t h i s  end t h e  Park w i l l  need t o  admit 
t h a t  e r ad ica t ion  is its goal  and be prepared t o  inform and 
educate t h e  public .  The t a s k s  ahead a r e  d i f f i c u l t ,  perhaps t h e  
most d i f f i c u l t  t h a t  t h e  Park has faced. But it can be done; 
indeed it must be done t o  prevent  t h e  permanent and i r r e v e r s i b l e  
d e s t r u c t i o n  of Haleakala ' s  n a t i v e  ecosystems. 
Seve ra l  p o t e n t i a l  problems a s soc ia t ed  with a goat  c o n t r o l  
program must be evaluated and countermeasures adopted before any 
plan i s  implemented. F i r s t ,  t h e  dead ca rcas ses  w i l l  be breeding 
grounds f o r  very l a r g e  numbers of f l i e s .  Food i n  cabins and 
elsewhere should be s p e c i a l l y  protected.  F e r a l  dogs w i l l  f eed  on 
t h e  ca rcas ses ,  t hus  the  populat ion w i l l  i nc rease  due t o  breeding 
and immigration of animals  i n t o  t o  a rea .  A s  t h e  carcasses  become 
sca rce r ,  t h e r e  w i l l  be dogs lu rk ing  around o t h e r  sources of food, 
p a r t i c u l a r l y  nene and perhaps people. A dog con t ro l  is  
e s s e n t i a l .  F ina l ly ,  g r e a t  c a r e  needs t o  be taken t o  ensure t h a t  
goats  a r e  k i l l e d  and n o t  l e f t  maimed i n  t h e  backcountry. 
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Figure 1. Map of the  Crater D i s t r i c t ,  Haleakala National Park 
showing the  pr incipal  routes of f e r a l  goat entry  and ex i t .  
Figure 2. Map of the  Crater  D i s t r i c t ,  Haleakala National Park 
showing the  ranges of the  p r inc ipa l  goat herds i n  t h e  Park 
i n  1351. There is some overlap of ranges which has been 
omitted t o  preserve c l a r i t y .  


YEAR 
Figure 5. The annual and cumulative harvest of feral goats in 
Haleakala National Park .- from 1940-1 980. 

Figure 7. Map of the  Crater  D i s t r i c t ,  Haleakala National Park 
showing recommended d r i f t  fencing ins ide  the  Park t o  a id  
f e r a l  goat control  a f t e r  the  boundary fencing i n  completed. 
